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3. Scientific Goals

The main goals are: 1) Calculate microphysical properties of spring and summer stratus clouds
in the Arctic with afocus on using the results in cloud models. Thiswork would target any
suitable clouds from SHEBA or from NSA. 2) Continued validation of stratus cloud retrieval
technique, particularly the effective radiusretrieval. 3) Continued development of the retrieval
technique through the blending of the Frisch et al. 1995 technique with other techniques.

4) Distributions of vertical velocities and turbulence parameters will be determined for Arctic

stratocumulus clouds.

4. Accomplishments

* Retrieval of arctic radar data sets for cloud microphysical properties. Paper accepted by JGR.
“Cloud Water Contents and Hydrometeor Sizes During the FIRE-Arctic Clouds Experiment”
by Shupe, Uttal, Matrosov, and Frisch.

» Comparisons of radar retrievals of effective radius vs. aircraft FSSP estimates of effective
radius. Paper in preparation.

5. Progress and accomplishmentsin the last twelve months.

Arcticwork

We have used the cloud radar measurements that were taken from April-July 1998 during



SHEBA. Thiswasthe NASA/FIRE - Arctic Clouds Experiment. We used retrieval techniques
that were developed by Frisch et a. 1995, which combined the NOAA MMCR and microwave
radiometer shipboard measurements. We found that the all-liquid cloud retrievals had a mean
effective particle radius of 7.4 microns, and aliquid water content up to 0.7 gm™ with amean
particle concentration of 54 cm™. The maximum retrieved liquid water content was at 3/5 of the
cloud depth above cloud base. In order to compare the representativeness of the aircraft FIRE-
ACE aircraft flight days with the April-July months, retrieval statistics of flight-day clouds were
compared to the mean retrieval statistics. Theretrieved liquid cloud parameters during flight
days were about 20% smaller than the mean statistics. Figure 1 shows a sample of theretrievals
of cloud microphysical propertiesfor an arctic stratus cloud.

Retrieval | mprovements

The FSSP aircraft data from the April 1997 10P along with the NOAA Ka-band radar and the
SGP microwave radiometer was used to compare the radar effective radius retrievals with those
measured with the FSSP. We had one day where the NOAA Ka-band radar polarization
measurements showed that there were no bugs to contaminate the radar backscattered power
measurements, which isacritical parameter in the effective radiusretrieval. These effective
radius retrievals were based on Frisch et al. 1995 stratus cloud retrieval methods, which uses
combined measurements of cloud radar reflectivity and the microwave radiometer integrated
cloud liquid water. The technique assumes alog-normal droplet distribution, droplet
concentration and spread constant with height, and that the spread is known. Using this
information, we compared the radar-radiometer effective radius retrieval with the FSSP
calculated effective radius. The standard deviation of the difference between the retrieved
effective radius and the aircraft measurementsis 1.1 microns; however, thereisawide spread in
the differences, which is related to the backscattered power. Figure 2 shows the absolute

effective radius difference in the measurements by the FSSP and the radar-radiometer retrievals



asafunction of radar reflectivity. The figure shows that above -30 dBZ, the differencesin the
effective radius retrieval with the FSSP measurements are less than 0.5 microns; however, there
isarapid increase in the difference at reflectivities lower than -30 dBZ. Theretrieval is sensitive
to the retrieved droplet density and less to the spread of the logarithmic distribution. Figure 3
shows how the radar retrieved and the FSSP measurements of absolute droplet density
differences vary as afunction of dBZ. The differences are relatively small above -30 dBZ while
below -30 dBZ, they become quite large. These large differences below -30 dBZ could be due to
several factors such asradar calibration, microwave radiometer errors as well as errorsin the
FSSP. These factors are being investigated. We will have additional verification datain the
SHEBA data sets.

6. Attached figure.
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Figure 1, A three-howr perod from 6:00 to 8:00 GMT on June 4, 1988 demonsiraies the [kquid
cloud refrieval products. This fime pericd consisied of a fairly stable stratus layer with cloud top
near T00m. Radar reflectivity, the key radar measurable for these retriavals, is shown in
Figure 1a, retrieved LWC is shown in figure 1b, and retrieved Re is shown in Figure 1c.
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Absolute difference between the aircraft FSSP determined
effective radius and the radar-radiometer retrieved effective
radius as a function of the radar reflectivity.
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Figure 3.

Absolute difference between aircraft FSSP measurements
of cloud droplet concentration and radar-radiometer
retrieved concentration as a function of radar reflectivity.
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This is an example taken during the year-long Surface Heat Budget
of the Arclic Experiment (SHEBA) {1897-1988). K is a three hour period from
6:00 to 800 GMT on June 4, 1988 which demonstrates the liguid cloud retrieval
praducts. This tima period consisted of a fairly siable stratus layer with cloud
fop near T00m, Radar reflectivity, the key radar measurable for these refrievals
is shown in Figure 1a, refrieved LWC is shown in figure 1b, and refrieved Re
is shown in Figure 1c. The radar used for SHEBA was the NOAA millimeter cloud
radar aboard an lce Breaker which was frozen in the Arclic ice pack.



